We analyzed the outcome of 692 patients with severe aplastic anemia (SAA) receiving transplants from HLA-matched siblings. A total of 134 grafts were peripheral blood progenitor cell (PBPC) grafts, and 558 were bone marrow (BM) grafts. Rates of hematopoietic recovery and grades 2 to 4 chronic graft-versushost disease (GVHD) were similar after PBPC and BM transplantations regardless of age at transplantation. In patients older than 20 years, chronic GVHD and overall mortality rates were similar after PBPC and BM transplantations. In patients younger than 20 years, rates of chronic GVHD (relative risk [RR] 2.82; P ‫؍‬ .002) and overall mortality (RR 2.04; P ‫؍‬ .024) were higher after transplantation of PBPCs than after transplantation of BM. In younger patients, the 5-year probabilities of overall survival were 73% and 85% after PBPC and BM transplantations, respectively. Corresponding probabilities for older patients were 52% and 64%. These data indicate that BM grafts are preferred to PBPC grafts in young patients undergoing HLAmatched sibling donor transplantation for SAA. 
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Introduction
Transplantation of bone marrow (BM) from an HLA-matched sibling donor is an effective treatment for severe aplastic anemia (SAA) with long-term survival in excess of 80% and graft failure rates of approximately 10%. [1] [2] [3] [4] [5] [6] [7] Unpublished data (January 2007) from the European Group for Blood and Marrow Transplantation (EBMT) and the Center for International Blood and Marrow Transplant Research (CIBMTR) suggest approximately 60% of HLA-matched sibling donor transplantations for SAA now use peripheral blood progenitor cell (PBPC) grafts. A similar switch to PBPC over BM grafts is reported in leukemia transplantations. [8] [9] [10] The higher rate of chronic graft-versus-host disease (GVHD) may be offset by lower relapse rates in some settings. In contrast, there is no perceived benefit of chronic GVHD for SAA. Further, few data on PBPCs for SAA are reported. [11] [12] [13] [14] [15] In a preliminary analysis from our group, PBPC grafts appeared to contribute to higher mortality. 16 Here, we report chronic GVHD and long-term overall survival rates in 134 PBPC recipients and 558 BM recipients of HLA-matched sibling donor transplants for SAA. 
Patients, materials, and methods

Patients
Statistical methods
The probabilities of hematopoietic recovery (neutrophil count Ն 0.5 ϫ 10 9 /L for 3 consecutive days and platelet count Ն 20 ϫ 10 9 /L for 7 days, unsupported) and acute and chronic GVHD were calculated using the cumulative incidence function method in which death without the event was the competing event. 17 The probability of overall survival was calculated using the Kaplan-Meier estimator, death from any cause was considered an event, and surviving patients were censored at last follow-up. 17 The 95% confidence interval (CI) is calculated using log transformation. Cox proportional hazards regression models were constructed using a stepwise forward selection, with a P value of .05 or less to indicate statistical significance. 18 Variables considered in regression models are shown in Table 1 . Results are expressed as relative risk (RR); that is, the relative occurrence of the event with transplantation of BM compared with that of PBPCs. P values are 2-sided. SAS software version 9.1 was used for analyses (SAS Institute, Cary, NC).
Results and discussion
Patient, disease, and transplant characteristics are shown in Table 1 . Characteristics of the treatment groups were similar except that PBPC transplantations were more recent, and the median time from diagnosis to transplantation was longer in PBPC recipients older than 20 years compared with BM recipients of similar age (6 months vs 4 months; P ϭ .003). In patients 20 years old and younger, the corresponding time was 2 months for both treatment groups. More than half (59%) of PBPC transplantations in patients 20 years old and younger occurred between 2000 and 2003, compared with 34% of BM transplantations (P ϭ .001). Similarly, 64% of PBPC transplantations in patients older than 20 years occurred between 2000 and 2003, compared with 31% of BM transplantations (P Ͻ .001). Cyclophosphamide with or without antithymocyte globulin was the predominant conditioning regimen, and all received T-replete grafts.
Hematopoietic recovery
Though the median time to neutrophil (13 days vs 18 days) and platelet recovery (19 days vs 25 days) were faster after transplantation of PBPCs compared with BM, the probabilities of neutrophil A total of 155 transplantation centers contributed data for this study. Of these, 91 transplantation centers contributed data on BM transplantations only, 27 centers contributed data on PBPC transplantations only, and 37 centers contributed data on both BM and PBPC transplantations. Most transplantation centers (121 ͓78%͔ of 155) contributed 5 or fewer patients, 22 (14%) centers contributed 6 to 10 patients, and only 12 (7%) centers contributed more than 10 patients. The median number of patients per center is 3.
HCT indicates hematopoietic stem cell transplantation; TBI, total body irradiation; TLI, total lymphoid irradiation; TAI, total abdominal irradiation; Cy, cyclophosphamide; ATG, antithymocyte globulin; Bu, busulfan; CSA, cyclosporine; and MTX, methotrexate; -indicates not applicable. *A total of 107 centers performed transplantations on patients 20 years old and younger. A total of 91 (85%) centers performed transplantations on 5 or fewer patients, 13 (12%) centers performed transplantations on 6 to 10 patients, and 2 (3%) centers performed transplantations on more than 10 patients. The median number of patients who received transplants per center is 2.
†A total of 109 centers performed transplantations on patients older than 20 years. A total of 94 (86%) centers performed transplantations on 5 or fewer patients, 9 (8%) centers performed transplantations on 6 to 10 patients, and 6 (6%) centers performed transplantations on more than 10 patients. The median number of patients who received transplants per center is 2. For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From recovery at day 28 (89% vs 85%) and platelet recovery at day 100 (80% vs 85%) were similar. The proportion of patients with primary graft failure (9% vs 9%) and secondary graft failure (6% vs 7%) were similar after transplantation of PBPCs and BM, respectively.
GVHD
Rates of grades 2 to 4 acute GVHD were similar after PBPC and BM transplantations (RR, 1.42; 95% CI, 0.59-3.39; P ϭ .436; and RR, 1.03; 95% CI, 0.60-1.79; P ϭ .909) in patients 20 years old and younger and older than 20 years, respectively. The day-100 probabilities of acute grades 2 to 4 GVHD in younger patients were 10% and 14%, after BM and PBPC transplantations, respectively. Corresponding probabilities in older patients were 20% and 19%.
Chronic GVHD rates were higher after PBPC transplantations than after BM transplantations in patients 20 years old and younger (RR, 2.82; 95% CI, 1.46-5.44; P ϭ .002; Figure 1A) . In those older than 20 years, rates were similar after PBPC and BM transplantations (RR, 1.14; 95% CI, 0.71-1.85; P ϭ .589). This differs from some reports where chronic GVHD rates were higher with PBPC grafts regardless of age. [19] [20] [21] Notably, the significant difference in chronic GVHD rate after PBPC and BM transplantations was most evident with follow-ups of more than 6 to 7 years. It remains to be seen whether, with longer follow-up, chronic GVHD rates will be higher in older patients.
Overall mortality
Overall mortality rates were higher after PBPC transplantations than after BM transplantations in patients 20 years old and younger (RR, 2.04; 95% CI, 1.09-3.78; P ϭ .024; Figure 1B) . In patients older than 20 years, rates were similar after PBPC and BM transplantations (RR, 1.27; 95% CI, 0.87-1.85; P ϭ .119). Other factors affecting mortality rates after PBPC and BM transplantations were poor performance score (Ͻ 90) and time from diagnosis to transplantation. For patients aged 20 years and younger, there was a 2-fold increase in mortality in those with poor performance scores (RR, 1.99; 95% CI, 1.16-3.44; P ϭ .012) and a 3-fold increase in mortality when transplantation occurred more than 6 months after diagnosis (RR, 3.22; 95% CI, 1.93-5.40; P Ͻ .001). Similarly, in patients older than 20 years, rates were higher in those with poor performance scores (RR, 2.32; 95% CI, 1.57-3.44; P Ͻ .001) and when transplantation occurred more than 6 months after diagnosis (RR, 1.44; 95% CI, 1.01-2.05; P ϭ .041).
Higher chronic GVHD after PBPC transplantations in younger patients likely contributed to the excess mortality. This has been reported in younger patients with acute leukemia and older patients with good-risk chronic myeloid leukemia. 20, 21 Others have reported the significant negative impact of chronic GVHD on survival after HLA-matched sibling transplantations. 5 Though we did not observe a statistically significant survival advantage for 1 graft type over the other in patients older than 20 years of age, the 5-year probability of overall survival after PBPC transplantations was 52% compared with 64% after BM transplantations. The recent report by Locasciulli and colleagues 7 demonstrate improvement in overall survival with BM grafts over time, suggesting the recent use of PBPC grafts from HLA-matched sibling donors for SAA have for the first time in more than a decade resulted in lower survival rates.
Ours is not a randomized study, and is subject to selection bias as well as other known and unknown or unmeasured factors that may have influenced the choice of 1 graft over another. However, known patient-, disease-, and transplant-related characteristics were comparable between PBPC and BM groups. Further, 59% of centers used BM grafts and 17% used PBPC grafts exclusively, and 24% used both BM and PBPC grafts. At centers that used both grafts, PBPCs were used more frequently after 2000 and accounted for 50% of transplantations compared with 20% of BM transplantations, independent of age. These data indicate PBPC grafts from HLA-matched siblings were associated with higher chronic GVHD and lower survival in younger patients. The lower-though not statistically significant-overall survival rates after PBPC transplantations in older patients is discouraging. New transplantation technologies have brought about constant improvement in outcome for the last 20 years, and for the first time, such a change has resulted in lower survival.
